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(57) ABSTRACT

A data processing apparatus includes a power-source con-
troller, a data processing device, a physical-layer section, a
communication controller, and a state controller. The power-
source controller controls a first power-source setting and a
second power-source setting. The second power-source set-
ting causes less electric power consumption than the first
power-source setting. The communication controller per-
forms the communication with the data processing device
through a predetermined communication path and the physi-
cal-layer section under the first power-source setting. The
communication controller stops the communication with the
data processing device through the communication path and
the physical-layer section under the second power-source
setting. The state controller maintains the second commu-
nication state with respect to the data processing device side
of the communication path while electric power supply to
the physical-layer section 1s reduced under the second
power-source setting.

8 Claims, 8 Drawing Sheets
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1
DATA PROCESSING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2019-154936 filed on Aug. 27, 2019,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

The technology relates to a data processing apparatus.

It has been desired to reduce electric power consumption
ol an apparatus 1n a standby state. For example, 1 order to
reduce the electric power consumption of the apparatus in
the standby state, Japanese Unexamined Patent Application
Publication (JP-A) No. 2010-053265 discloses a proposition
to deactivate a power source of a device controller while the
apparatus 1s 1n a suspended state.

SUMMARY

Recently, it 1s desired to further reduce electric power
consumption 1n a standby state.

It 1s desirable to provide a data processing apparatus that
makes 1t possible to further reduce electric power consump-
tion 1n a standby state.

According to one embodiment of the technology, there 1s
provided a data processing apparatus that includes a power-
source controller, a data processing device, a physical-layer
section, a communication controller, and a state controller.
The power-source controller controls a first power-source
setting and a second power-source setting. The second
power-source setting causes less electric power consumption
than the first power-source setting. The physical-layer sec-
tion 1s brought to a first communication state when com-
munication with the data processing device 1s performed
under the first power-source setting. The physical-layer
section 1s brought to a second communication state before
switching from the first power-source setting to the second
power-source setting 1s performed. The second communi-
cation state causes the communication with the data pro-
cessing device to be stopped. The communication controller
performs the communication with the data processing device
through a predetermined commumnication path and the physi-
cal-layer section under the first power-source setting. The
communication controller stops the communication with the
data processing device through the commumnication path and
the physical-layer section under the second power-source
setting. The state controller maintains the second commu-
nication state with respect to the data processing device side
of the communication path while electric power supply to
the physical-layer section i1s reduced under the second
power-source setting.

According to one embodiment of the technology, there 1s
provided a data processing apparatus that includes a power-
source controller, a physical-layer section, a communication
controller, and a state controller. The power-source control-
ler controls a first power-source setting and a second power-
source setting. The second power-source setting causes less
clectric power consumption than the first power-source
setting. The physical-layer section 1s brought to a first
communication state when communication with a data pro-
cessing device 1s performed under the first power-source
setting. The physical-layer section 1s brought to a second
communication state before switching from the first power-
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source setting to the second power-source setting 1s per-
formed. The second communication state causes the com-
munication with the data processing device to be stopped.
The communication controller performs the communication
with the data processing device through a predetermined
communication path and the physical-layer section under the
first power-source setting. The communication controller
stops the communication with the data processing device
through the communication path and the physical-layer
section under the second power-source setting. The state
controller maintains the second communication state with
respect to the data processing device side of the communi-
cation path while electric power supply to the physical-layer
section 1s reduced under the second power-source setting.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and, together with the specification,
serve to explain the principles of the disclosure.

FIG. 1 1s a diagram 1llustrating an example of a schematic
configuration of a data processing apparatus according to
one example embodiment of the technology.

FIG. 2 1s a diagram 1llustrating an example of a circuit
configuration of a PHY circuat.

FIG. 3 1s a diagram 1illustrating an example of a state of
a circuit 1n a case where a USB suspend mode 1s enabled.

FIG. 4 1s a diagram 1illustrating an example of transition
of wavelorms in data transmission.

FIG. 5 15 a diagram 1llustrating an example of a procedure
of the data transmission.

FIG. 6 1s a diagram 1illustrating an example of transition
of the wavetorms and ON-OFF of a power source 1n the data
transmission.

FIG. 7 1s a diagram illustrating a modification of the
schematic configuration of the data processing apparatus.

FIG. 8 1s a diagram 1llustrating an example of the tran-
sition of the waveforms and the ON-OFF of the power
source 1n the data transmission.

FIG. 9 1s a diagram 1illustrating another modification of the
schematic configuration of the data processing apparatus.

FIG. 10 1s a diagram 1illustrating still another modification
of the schematic configuration of the data processing appa-
ratus.

FIG. 11 1s a diagram 1llustrating still another modification
of the schematic configuration of the data processing appa-
ratus.

FIG. 12 1s a diagram 1llustrating still another modification
of the schematic configuration of the data processing appa-
ratus.

FIG. 13 1s a diagram 1llustrating still another modification
of the schematic configuration of the data processing appa-
ratus.

FIG. 14 1s a diagram illustrating still another modification
of the schematic configuration of the data processing appa-
ratus.

FIG. 15 1s a diagram 1illustrating an application example
of the data processing apparatus.

DETAILED DESCRIPTION

Heremafiter, some example embodiments of the technol-
ogy will be described 1n detail with reference to the draw-
ings. Note that the following description 1s directed to
illustrative examples of the technology and not to be con-
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strued as limiting to the technology. Factors including,
without limitation, dimensions, dimension ratios, numerical
values, shapes, materials, components, positions of the com-
ponents, and how the components are coupled to each other
are 1llustrative only and not to be construed as limiting to the
technology. Further, elements in the following example
embodiments which are not recited in a most-generic 1inde-
pendent claim of the technology are optional and may be
provided on an as-needed basis. The drawings are schematic
and are not intended to be drawn to scale. Note that the like
elements are denoted with the same reference numerals, and
any redundant description thereof will not be described 1n
detail. The description will be given 1n the following order.
1. Background and Issue of Technology

2. Example Embodiment (Data Processing Apparatus)

3. Modifications (Data Processing Apparatuses)

4. Application Example (Image Forming Apparatus)

1. Background and Issue of Technology

It has been desired to reduce electric power consumption
of an apparatus 1n a standby state. For example, 1n order to
reduce the electric power consumption of the apparatus in
the standby state, JP-A No. 2010-0552635 proposes to deac-
tivate a power source of a device controller while a USB
(Unmiversal Serial Bus) suspend mode 1s enabled. The USB
suspend mode refers to a mode 1n which data lines of the
USB are maintained 1n a J-state, 1.e., part of operation of an
apparatus 1s temporarily suspended while an operation state
of data or a program 1s maintained, 1n order to reduce the
clectric power consumption. In a method disclosed 1n JP-A
No. 2010-055265, however, 1t 1s not possible to deactivate a
power source of a physical layer (PHY ) circuit that performs
reception and transmission of a differential signal for the
following two reasons.

First Reason

In order to enable the USB suspend mode, it may be
necessary to maintain voltage levels of the data lines of the
USB at appropriate voltage values. However, when the
power source of the PHY circuit 1s deactivated, the voltage
levels of the data lines of the USB become unstable, making
it difhicult to maintain the USB suspend mode. This 1s a first
reason.

Second Reason

When the power source of the PHY circuit 1s deactivated,

it may not be possible to detect the voltage levels of the data
lines of the USB. This may make 1t difhicult to respond to a
resume signal supplied from a connected device, preventing,
a return from the USB suspend mode. This 1s a second
reason.

The PHY circuit includes a plurality of drivers and a
plurality of receivers that receive and transmit differential
signals. Accordingly, the PHY circuit consumes more elec-
tric power than a typical single-ended input-output (10)
terminal. Therefore, there 1s a need to also deactivate the
power source of the PHY circuit in addition to the power
source of the device controller. To address the need, a
description 1s given below of an example embodiment of the
technology that 1s configured to deactivate the power source
of the PHY circuit in addition to the power source of the
device controller.
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4

2. Example Embodiment
Configuration

FIG. 1 illustrates an example of a schematic configuration
of a data processing apparatus 1000 according to an example
embodiment of the technology. The data processing appa-
ratus 1000 may correspond to a “data processing apparatus”™
in one speciiic but non-limiting embodiment of the technol-
ogy. The data processing apparatus 1000 may serve as a
USB interface unit to be provided in an information pro-
cessing apparatus such as a personal computer or a smart-
phone, or 1n an 1mage forming apparatus such as a printer,
a scanner, or a multi-function peripheral.

The data processing apparatus 1000 may include, for
example but not limited to, a system large scale integration
(LSI) 100 and a USB device 200. The USB device 200 may
correspond to a “data processing device” i one specific but
non-limiting embodiment of the technology. The USB
device 200 may include, for example, a module that per-
forms reception and transmission of data with an external
device. Non-limiting examples of such a module may
include a wireless local area network (LAN) module.

The system LSI 100 and the USB device 200 may be
coupled to each other by data lines (1.e., a D+ line L1 and a
D- line L2) of the USB and a resume line (i.e., a resume
signal line L.3) of the USB. The data lines (1.e., the D+ line
L1 and the D- line L2) of the USB may correspond to a
“predetermined communication path” 1n one specific but
non-limiting embodiment of the technology. The system LSI
100 and the USB device 200 may receive a packet of USB
communication from each other or transmit a packet of USB
communication to each other through the data lines of the
USB, for example. The USB device 200 may transmit a
resume signal to the system LSI 100 through the resume line
(1.e., the resume signal line L3), for example.

According to the example embodiment, the resume signal
may be transmitted from the USB device 200 to the system
L.SI 100 through the resume signal line L3 1n a case where
resumption of the USB communication 1s requested while
the USB suspend mode 1s enabled. The resume signal at a
high level may indicate that a resume request 1s being made,
and the resume signal at a low level may indicate that the
resume request 1s not being made.

The system LSI 100 may include, for example but not
limited to, a main central processing unit (CPU) 110, a sub
CPU 120, a USB control unit 130, a general-purpose mput-
output (GPIO) 140, a selector 150, a selector 160, a pull-
down resistor R1, and a pull-down resistor R2. The USB
control umit 130 may include a LINK circuit 131 and a PHY
circuit 132. A circuit including the main CPU 110 and the
LINK circuit 131 may serve as a controller 100a that
controls the PHY circuit 132. A circuit including the selec-
tors 150 and 160 and the pull-down resistors R1 and R2 may
serve as a state controller 10056 that controls a state of each
of the data lines of the USB.

The sub CPU 120 may correspond to a “power-source
controller” 1n one specific but non-limiting embodiment of
the technology. The PHY circuit 132 may correspond to a
“physical-layer section” 1 one specific but non-limiting
embodiment of the technology. The GPIO 140 may corre-
spond to a “state-signal input section” 1n one specific but
non-limiting embodiment of the technology. The circuit
including the selectors 150 and 160 and the pull-down
resistors R1 and R2 may correspond to a “state controller”
in one speciiic but non-limiting embodiment of the technol-
ogy. The selectors 150 and 160 may correspond to a “switch
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section’ 1n one specific but non-limiting embodiment of the
technology. The pull-down resistors R1 and R2 may corre-
spond to a “resistor’ 1 one specific but non-limiting
embodiment of the technology. The controller 100a may
correspond to a “communication controller” 1n one specific
but non-limiting embodiment of the technology. The state
controller 1005 may correspond to a “state controller” in one
specific but non-limiting embodiment of the technology.

The controller 100a may perform communication with the
USB device 200 through the data lines of the USB and the
PHY circuit 132. The controller 100¢ may perform the
communication with the USB device 200 through the data
lines of the USB and the PHY circuit 132, for example,
under a power-source setting A 1n which the controller 1004
and the PHY circuit 132 operate normally. The power-source
setting A may correspond to a “first power-source setting” 1n
one specific but non-limiting embodiment of the technology.
The controller 100a may stop the communication with the
USB device 200 through the data lines of the USB and the
PHY circuit 132, for example, under a power-source setting
B that causes less electric power consumption than the
power-source setting A. The power-source setting B may
correspond to a “second power-source setting” 1n one spe-
cific but non-limiting embodiment of the technology. The
power-source setting B may cause a power source to be
turned ofl, for example. For example, when the communi-
cation with the USB device 200 1s performed under the
power-source setting A, the controller 100 may so control
the PHY circuit 132 that the PHY circuit 132 1s brought to
a USB active state. The USB active state may correspond to
a “first commumication state” 1 one specific but non-
limiting embodiment of the technology. For example, when
the communication with the USB device 200 1s stopped
before switching from the power-source setting A to the
power-source setting B 1s performed, the controller 1004
may so control the PHY circuit 132 that the PHY circuit 132
1s brought to a USB suspend state. The USB suspend state
may correspond to a “second communication state” in one
specific but non-limiting embodiment of the technology.
When switching from the power-source setting B to the
power-source setting A 1s performed, the controller 100a
may so control the PHY circuit 132 that the PHY circuit 132
1s brought to the USB suspend state. The controller 100a
may cause the GPIO 140 to perform switching from a state
under the power-source setting B to a state under the
power-source setting A, and thereatter, perform the commu-
nication with the USB device 200 through the data lines of
the USB and the PHY circuit 132 under the power-source
setting A.

The sub CPU 120 may perform selection control of the
selectors 150 and 160 and power source control of the
controller 100a and the PHY circuit 132 on the basis of
control performed by the controller 100a. In one specific but
non-limiting example, the sub CPU 120 may supply, to the
selector 150, a control signal that causes switching from
coupling between the data line of the USB and the PHY
circuit 132 to coupling between the data line of the USB and
the pull-down resistor R1 to be performed. The sub CPU 120
may supply such a control signal to the selector 150 on the
basis of the control performed by the controller 100a.
Further, the sub CPU 120 may supply, to the selector 160, a
control signal that causes switching from coupling between
the data line of the USB and the PHY circuit 132 to coupling,
between the data line of the USB and the pull-down resistor
R2 to be performed. The sub CPU 120 may supply such a
control signal to the selector 160, on the basis of the control
performed by the controller 100a. For example, after the
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6

switching to the coupling between the data lines of the USB
and the respective pull-down resistors R1 and R2 1s per-
formed, the sub CPU 120 may reduce electric power supply
to the PHY circuit 132 as the power-source setting B.

The sub CPU 120 may perform the selection control of the
selectors 150 and 160 and the power source control of the
controller 100a and the PHY circuit 132 on the basis of
resume signal received through the GPIO 140 while the
USB suspend mode 1s enabled. In one specific but non-
limiting example, the sub CPU 120 may be configured to
control the power-source setting A and the power-source
setting B as a power-source setting of the controller 100a
and the PHY circuit 132 on the basis of the resume signal
received by means of the GPIO 140 while the USB suspend
mode 15 enabled.

For example, when the resume signal, which 1s received
while the USB suspend mode 1s enabled, 1s at a high level,
the sub CPU 120 may consider the reception of the high-
level resume signal as that a resume request 1s being made,
and may supply a control signal corresponding to the
power-source setting A to the power source of the controller
100a and the PHY circuit 132. Upon recerving the control
signal corresponding to the power-source setting A, the
power source of the controller 100q and the PHY circuit 132
may start supplying, to the controller 100a and the PHY
circuit 132, electric power that allows the controller 100q
and the PHY circuit 132 to operate normally.

For example, when the resume signal, which 1s received
while the USB suspend mode 1s enabled, 1s at a low level,
the sub CPU 120 may consider the reception of the low-level
resume signal as that the resume request 1s not being made,
and may supply a control signal corresponding to the
power-source setting B to the power source of the controller
100aq and the PHY circuit 132. While receiving the control
signal corresponding to the power-source setting B, the
power source of the controller 100q and the PHY circuit 132
may supply, to the controller 100a and the PHY circuit 132,
clectric power (e.g., no electric power) that 1s less than
clectric power consumed under the power-source setting A.

When the communication with the USB device 200 1s
performed under the power-source setting A, the PHY circuit
132 may be brought to the USB active state by the control
performed by the controller 100a. Further, the PHY circuit
132 may be brought to a USB suspend state, by the control
performed by the controller 100qa, before switching from the
power-source setting A to the power-source setting B 1s
performed. The USB suspend state may cause the commu-
nication with the USB device 200 to be stopped. Further, the
PHY circuit 132 may be brought to the USB suspend state
again by the control performed by the controller 100a, when
switching from the power-source setting B to the power-
source setting A 1s performed.

As 1illustrated in FIGS. 1 and 2, for example, the PHY
circuit 132 may include a diflerential-signal receiver group
132a. The differential-signal receiver group 132a may detect
voltage levels of the respective data lines of the USB
through the selectors 150 and 160. The PHY circuit 132 may
turther include a differential-signal receiver group 1325, as
illustrated in FIGS. 1 and 2, for example. The diflerential-
signal receiver group 1326 may apply predetermined volt-
ages to the respective data lines of the USB through the
selectors 150 and 160. The PHY circuit 132 may further
include a pull-down resistor R3 and a pull-down resistor R4,
as 1llustrated 1n FIGS. 1 and 2, for example. The pull-down
resistors R3 and R4 may be coupled to the respective data
lines of the USB. For example, when the PHY circuit 132 1s
brought to the USB active state by the control performed by
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the controller 100q, the PHY circuit 132 may cause the
differential-signal receiver group 132a to detect the voltage
levels of the respective data lines of the USB, and may
supply the detected voltage levels to the LINK circuit 131.

When 1t 1s required for the USB device 200 to perform
communication with the system L.SI 100 in a case where the
USB suspend mode 1s enabled under the power-source
setting B, the GPIO 140 may perform switching from the
state under the power-source setting B to the state under the
power-source setting A. When the GPIO 140 receives the
resume signal indicating that the resume request 1s being
made (e.g., the high-level resume signal) 1n a case where the
USB suspend mode i1s enabled under the power-source
setting B, the GPIO 140 may supply the received resume
signal to the sub CPU 120. On this occasion, when the sub
CPU 120 receives the resume signal indicating that the
resume request 1s being made, the sub CPU 120 may switch
the control signal that 1s being supplied to the power source
of the conftroller 100¢ and the PHY circuit 132 from the
control signal corresponding to the power-source setting B
to the control signal corresponding to the power-source
setting A. Upon recerving the control signal corresponding
to the power-source setting A instead of the control signal
corresponding to the power-source setting B, the power
source of the controller 100a and the PHY circuit 132 may
start supplying, to the controller 100aq and the PHY circuit
132, electric power that allows the controller 100aq and the
PHY circuit 132 to operate normally On this occasion, the
PHY circuit 132 may be set again to the USB suspend state
in accordance with the electric power supply. The GPIO 140
may thus cause the controller 100q and the PHY circuit 132
to undergo switching from the state under the power-source
setting B to the state under the power-source setting A by
supplying, to the sub CPU 120, the resume signal indicating
that the resume request 1s being made.

The state controller 1006 may maintain the USB suspend
state with respect to the USB device 200 side of the data
lines of the USB while the electric power supply to the PHY
circuit 132 1s reduced on the basis of the power-source
setting B. After the PHY circuit 132 1s brought to the USB
suspend state, the selectors 150 and 160 may perform
switching from the coupling between the data lines of the
USB, and the PHY circuit 132 to the coupling between the
data lines of the USB and the pull-down resistors R1 and R2,
respectively. After the sub CPU 120 performs sw1tch1ng
from the power-source setting B to the power-source setting
A and the PHY circuit 132 1s brought to the USB suspend
state, the selectors 150 and 160 may perform switching from
the coupling between the data lines of the USB and the
pull-down resistors R1 and R2 to the coupling between the
data lines of the USB and the PHY circuit 132, respectively.
As a result, the communication state of the data lines of the
USB and the communication state of the PHY circuit 132
may become the same as each other, 1.¢., the USB suspend
state. That 1s, the state controller 1005 may cause the data
lines of the USB to be 1n the communication state the same
as that of the PHY circuit 132, 1.e., the USB suspend state,
after the switching from the power-source setting B to the
power-source setting A 1s performed and the PHY circuit
132 1s brought to the USB suspend state.

The selector 150 may be configured to selectively couple
the pull-down resistor R1 and the PHY circuit 132 to the data
line of the USB. The selector 160 may be configured to
selectively couple the pull-down resistor R2 and the PHY
circuit 132 to the data line of the USB. The selector 150 may
be a switch module that selects one of the PHY circuit 132
and the pull-down resistor R1 as a coupling target of the D+
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line L1 of the data lines of the USB. The selector 160 may
be a switch module that selects one of the PHY circuit 132
and the pull-down resistor R2 as a coupling target of the D-
line L2 of the data lines of the USB.

The pull-down resistors R1 and R2 may each provide a
predetermined resistance component. The pull-down resis-
tors R1 and R2 may each be a resistance element having a
resistance value of 125 k€2, for example. The pull-down
resistor R1 may have one terminal that 1s coupled to the
selector 150 and the other terminal coupled to a constant
voltage line (e.g., a ground line). The pull-down resistor R2
may have one terminal that 1s coupled to the selector 160 and
the other terminal coupled to a constant voltage line (e.g., a
ground line).

FIG. 3 1llustrates an example of a circuit state of the data
processing apparatus 1000 in a case where the USB suspend
mode 1s enabled. FIG. 4 1llustrates an example of transition
of wavelorms 1n data transmission of the data processing
apparatus 1000.

The USB active state may refer to a state in which the
USB device 200 transiers a packet of the USB communi-
cation to the system LSI 100. Note that, when the packet of
the USB communication 1s not transierred in the USB active
state, the D+ line L1 and the D- line L2 of the data lines of
the USB may both have the low signal levels. The state of
the data lines of the USB at this time may be referred to as
a single ended zero (SEQO) state.

The USB suspend state may refer to a state in which the
USB device 200 maintains the data lines of the USB 1n the
J-state. When the PHY circuit 132 1s in the USB suspend
state, the USB device 200 may supply the high-level signal
to the D+ line L1 of the data lines of the USB, and may
supply the low-level signal to the D- line L2 of the data lines
of the USB. When the signal level of the D+ line L1 15 set
to the high level and the signal level of the D- line L2 1s set
to the low level 1in the data lines of the USB, the state of the
data lines of the USB may be referred to as the J-state.

In a case where resumption of the USB communication 1s
requested while the USB suspend mode 1s enabled, the USB
device 200 may supply the resume signal to the system LSI
100 through the resume signal line 3. The USB device 200
may supply the resume signal to the GPIO 140. Substantially
at the same time, the USB device 200 may supply the
low-level signal to the D+ line L1 of the data lines of the
USB, and may supply the high-level signal to the D- line L2
of the data lines of the USB. This may bring the data lines
of the USB to a K-state.

According to the example embodiment, upon receiving
the resume signal through the GPIO 140, the sub CPU 120
may be configured to control, on the basis of the recerved
resume signal, the power-source setting (the first power-
source setting) that allows the controller 100a and the PHY
circuit 132 to operate normally and the power-source setting
(the second power-source setting) that causes less electric
power consumption than the first power-source setting. In
one specific but non-limiting example, upon receiving the
resume signal through the GPIO 140, the sub CPU 120 may
activate (turn on) the power source of the controller 100q
and the PHY circuit 132 or deactivate (turn oil) the power
source of the controller 100a and the PHY circuit 132, on the
basis of the received resume signal. Therefore, whlle the
USB suspend mode 1s enabled, the PHY circuit 132 may not
be able to detect the voltage levels of the data lines of the
USB through the selectors 150 and 160. To address this,
according to the example embodiment, the resume signal
line L.3 may be provided between the system LSI 100 and
the USB device 200 1n addition to the data lines of the USB.
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The resume signal may be supplied from the USB device
200 to the system LSI 100 through the resume signal line L3,

thereby notifying the system LSI 100 that the data lines of
the USB are m the K-state. In the following, a detailed
description 1s given of a procedure of data transmission

between the system LSI 100 and the USB device 200.

Data Transmission Procedure

FIG. 3 illustrates an example of the procedure of the data
transmission between the system LSI 100 and the USB
device 200. FIG. 6 illustrates an example of transition of
wavelorms and ON-OFF of the power source in the data
transmission 1illustrated 1n FIG. 5.

First, the sub CPU 120 may supply, to the controller 1004
and the PHY circuit 132, a control signal of turning on the
power source. In response thereto, electric power may be
supplied to the controller 100q and the PHY circuit 132,
activating the controller 100q and the PHY circuit 132.

Thereafter, the sub CPU 120 may supply, to the selector
150, a control signal of selecting the PHY circuit 132 as the
coupling target of the D+ line L1 of the data lines of the
USB. Further, the sub CPU 120 may supply, to the selector

160, a control signal of selecting the PHY circuit 132 as the
coupling target of the D- line L2 of the data lines of the
USB. This may cause the D+ line L1 and the D- line L2 of
the data lines of the USB to be coupled to the PHY circuit
132 through the selectors 150 and 160, respectively. In this
situation, the PHY circuit 132 may be able to detect the
voltage levels of the data lines of the USB.

Under the 1nitial state described above, first, the USB
device 200 may output the low-level resume signal through
the resume signal line L3. The sub CPU 120 may receive the
low-level resume signal through the resume signal line L3.
On this occasion, the sub CPU 120 may not especially
perform any control corresponding to the low-level resume
signal with respect to the controller 100q¢ and the PHY
circuit 132.

Thereafter, the USB device 200 may start, for example,
packet transfer of the USB communication through the data
lines of the USB. On this occasion, the controller 100a may
determine, on the basis of the voltage levels of the data lines
(1.e., the D+ line L1 and the D- line L2) of the USB detected
by the PHY circuit 132, whether the packet transfer over the
USB communication 1s being performed (step S101). In a
case where the controller 100a determines that the packet
transier over the USB communication 1s not being per-
formed as a result (S101: N), the controller 100a may
continue to determine, on the basis of the voltage levels of
the data lines of the USB detected by the PHY circuit 132,
whether the packet transfer over the USB communication 1s
being performed.

In a case where the controller 100aq determines that the
packet transier over the USB communication 1s being per-
formed (S101: Y), the controller 100¢ may determine
whether a state (SEO) with no packet transier over the USB
communication has been continued for a predetermined
period (step S102). The predetermined period may be, for
example but not limited to, 3 ms or more. In a case where
the controller 100a determines that the state with no packet
transfer over the USB communication has not been contin-
ued for the predetermined period (e.g. 3 ms or more) as a
result (S102: N), the controller 100¢ may continue to
determine whether the state (SEO) with no packet transfer
over the USB communication has been continued for the
predetermined period (e.g. 3 ms or more).
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In a case where the controller 100a determines that the
state with no packet transter over the USB communication
has been continued for the predetermined period (e.g. 3 ms
or more) (S102: Y), the controller 100a may determine
whether the D+ line LL1 of the data lines of the USB has the
high voltage level (step S103). In other words, the controller
100a may determine whether the data lines of the USB are
in the J-state. In a case where the controller 100a determines
that the D+ line L1 of the data lines of the USB does not have
the high voltage level as a result (step S103: N), the
controller 100a may continue to determine whether the D+
line L1 of the data lines of the USB has the high voltage
level.

In a case where the controller 100q determines that the D+
line L1 of the data lines of the USB has the high voltage
level (step S103: Y), the controller 100a may supply, to the
sub CPU 120, a signal of switching the coupling targets of
the selectors 150 and 160 to the pull-down resistors R1 and
R2, respectively. Upon receiving such a signal from the
controller 100a, the sub CPU 120 may supply, to the
selectors 150 and 160, signals of switching the coupling
targets of the selectors 150 and 160 to the pull-down
resistors R1 and R2, respectively. In response thereto, the
selectors 150 and 160 may switch the coupling targets of the
selectors 150 and 160 to the pull-down resistors R1 and R2,
respectively (step S104). The sub CPU 120 may further
supply, to the power source of the controller 100a and the
PHY circuit 132, a control signal of turning ofl the power
source. In response thereto, the power source of the con-
troller 100a and the PHY circuit 132 may be deactivated
(turned ofl) (step S105).

While the power source of the controller 100a and the
PHY circuit 132 1s deactivated, the PHY circuit 132 may not
be able to detect the voltage levels of the data lines of the
USB. However, the sub CPU 120 may be able to detect the
voltage level of the resume signal line LL.3. The sub CPU 120
may determine whether the resume signal line L3 has the
high voltage level ). In other words, the sub CPU 120 may
determine whether a control signal indicating that resump-
tion of the USB communication 1s requested i1s received
from the USB device 200 while the USB suspend mode 1s
enabled.

In a case where the sub CPU 120 determines that the
resume signal line L3 does not have the high voltage level
as a result (5106: N), the sub CPU 120 may continue to
determine whether the resume signal line L3 has the high
voltage level. In a case where the sub CPU 120 determines
that the resume signal line L3 has the high voltage level
(5106: Y), the sub CPU 120 may supply, to the power source
of the controller 100a and the PHY circuit 132, a control
signal of turning on the power source. In response thereto,
the power source of the controller 100aq and the PHY circuit
132 may be activated (turned on) (step S107).

The sub CPU 120 may further supply, to the selectors 150
and 160, signals of switching the coupling targets of the
selectors 150 and 160 to the PHY circuit 132, respectively.
In response thereto, the selectors 150 and 160 may switch
the coupling targets of the selectors 150 and 160 to the PHY
circuit 132, respectively (step S108). This may allow the
PHY circuit 132 to detect the voltage levels of the data lines
of the USB.

Thereatter, the USB device 200 may switch the state of
the data lines of the USB from the J-state to the K-state, for
example. Further, the USB device 200 may start the packet
transier over the USB communication, for example. There-
after, the USB device 200 may output the low-level resume
signal through the resume signal line L3, for example.
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According to the example embodiment, the state of the USB
device 200 may be thus returned from the USB suspend state
to the USB active state.

Example Effects

Next, a description 1s given of example eflects of the data
processing apparatus 1000 according to the example
embodiment.

According to the example embodiment, the state control-
ler 1005 may maintain the USB suspend state with respect
to the USB device 200 side of the data lines of the USB
while the electric power supply to the PHY circuit 132 1s
reduced under the power-source setting B. This allows for
reduction 1n the electric power supply to the PHY circuit
132, making 1t possible to reduce electric power consump-
tion 1n the standby state by an amount corresponding to an

amount of the reduction 1n the electric power supply to the
PHY circuit 132.

Moreover, according to the example embodiment, the
PHY circuit 132 may be so controlled that the PHY circuit
132 is brought to the USB active state, when the commu-
nication with the USB device 200 1s performed under the

power-source setting A. Further, the PHY circuit 132 may be
so controlled that the PHY circuit 132 1s brought to the USB
suspend state, when the communication with the USB
device 200 1s stopped before the switching from the power-
source setting A to the power-source setting B 1s performed.
This allows for reduction 1n the electric power supply to the
PHY circuit 132, making it possible to reduce the electric
power consumption in the standby state by an amount
corresponding to an amount of the reduction in the electric
power supply to the PHY circuit 132.

Moreover, according to the example embodiment, the
selectors 150 and 160 may be provided. The selector 150
may be configured to selectively couple, to the data line of
the USB, the pull-down resistor R1 or both the pull-down
resistor R1 and the PHY circuit 132. The selector 160 may
be configured to selectively couple, to the data line of the
USB, the pull-down resistor R2 or both the pull-down
resistor R2 and the PHY circuit 132. This allows for reduc-
tion 1n the electric power supply to the PHY circuit 132,
while controlling the voltage levels of the data lines of the
USB. As a result, it 1s possible to reduce the electric power
consumption in the standby state by an amount correspond-
ing to an amount of the reduction in the electric power
supply to the PHY circuit 132.

Moreover, according to the example embodiment, the
selectors 150 and 160 may perform switching from the
coupling between the data lines of the USB and the PHY
circuit 132 to the coupling between the data lines of the USB
and the pull-down resistors R1 and R2 after the PHY circuit
132 1s brought to the USB suspend state. Further, the
selectors 150 and 160 may perform switching from the
coupling between the data lines of the USB and the pull-
down resistors R1 and R2 to the coupling between the data
lines of the USB and the PHY circuit 132, after the sub CPU
120 performs switching from the power-source setting B to
the power-source setting A and the PHY circuit 132 1s
brought to the USB suspend state. This allows for the
reduction 1n the electric power supply to the PHY circuit
132, while controlling the voltage levels of the data lines of
the USB. As a result, it 1s possible to reduce the electric
power consumption in the standby state by an amount
corresponding to an amount of the reduction in the electric
power supply to the PHY circuit 132.
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Moreover, according to the example embodiment, when it
1s required for the USB device 200 to perform communica-
tion with the PHY circuit 132 1n the state under the power-
source setting B, the GPIO 140 and the sub CPU 120 may
perform switching from the power-source setting B to the
power-source setting A. Further, after the switching to the
power-source setting A 1s performed and the PHY circuit
132 1s brought to the USB suspend state, switching from the
coupling between the data lines of the USB and the pull-
down resistors R1 and R2 to the coupling between the data
lines of the USB and the PHY circuit 132 may be performed.
This allows for the reduction 1n the electric power supply to
the PHY circuit 132, while controlling the voltage levels of
the data lines of the USB. As a result, it 1s possible to reduce
the electric power consumption in the standby state by an
amount corresponding to an amount of the reduction 1n the
clectric power supply to the PHY circuit 132.

Moreover, according to the example embodiment, after
the GPIO 140 performs the switching from the state under
the power-source setting B to the state under the power-
source setting A, the communication with the USB device
200 may be performed through the data lines of the USB and
the PHY circuit 132 under the power-source setting A. This
allows a return from the USB suspend state to the USB
active state by means of the GPIO 140 and the sub CPU 120
even 1n a case where the PHY circuit 132 1s not able to detect
the resume request.

Moreover, according to the example embodiment, the
data lines of the USB may be brought to the communication
state the same as that of the PHY circuit 132, 1.e., the USB
suspend state, after the switching from the power-source
setting B to the power-source setting A 1s performed and the
PHY circuit 132 1s brought to the USB suspend state. This
contributes to preventing the voltage levels of the data lines
of the USB from being indefinite upon the return from the
USB suspend state to the USB active state.

3. Modifications

Next, a description 1s given of modifications of the data
processing apparatus 1000 according to the example
embodiment.

Modification A

According to the example embodiment, the resume signal
line L.3 may be provided between the system LSI 100 and
the USB device 200 1n addition to the data lines of the USB.
The resume signal may be supplied from the USB device
200 to the system LSI 100 through the resume signal line L3,
thereby notlfylng the system LSI 100 that the data lines of
the USB are in the K-state. However, this 1s non-limiting.
The notification, with respect to the system LSI 100, that the
data lines of the USB are 1n the K-state may be achleved by
a method different from that according to the example
embodiment.

FIG. 7 illustrates a modification (Modification A) of the
schematic configuration of the data processing apparatus
1000 according to the example embodiment. According to
Modification A, the resume signal line L3 and the GPIO 140
may be omitted, and a control signal line L4 may be
provided 1n the system LSI 100. The control signal line L4

may be coupled to one end of the pull-down resistor R2 (1.¢.,
an end on the selector 160 side) and to the sub CPU 120.

That 1s, the system LSI 100 and the USB device 200 may be
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coupled to each other only through the data lines (1.e., the D+
line L1 and the D- lmne L2) of the USB, according to

Modification A.

According to Modification A, the sub CPU 120 may
perform the selection control of the selectors 150 and 160
and the power source control of the controller 100aq and the
PHY circuit 132 on the basis of a voltage applied to the
pull-down resistor R2 while the USB suspend mode 1s
enabled. That 1s, the voltage applied to the pull-down
resistor R2 may be supplied to the sub CPU 120 as the
resume signal, according to Modification A.

FIG. 8 illustrates an example of transition of the wave-
forms and the ON-OFF of the power source in the data
transmission between the system LSI 100 and the USB
device 200 according to Modification A. Note that a proce-
dure of the data transmission in a period from activation of
the power source of the controller 100a and the PHY circuit
132 to deactivation of the power source according to Modi-
fication A may be similar to that according to the example
embodiment. Therefore, 1n the following, a procedure of the

data transmission after the deactivation of the power source
of the controller 100a and the PHY circuit 132 is described.

While the power source of the controller 100a and the
PHY circuit 132 1s deactivated, the PHY circuit 132 may not
be able to detect the voltage levels of the data lines of the
USB. However, the sub CPU 120 may be able to detect a
voltage level of the control signal line L4, 1.e., the voltage
level applied to the pull-down resistor R2. The sub CPU 120
may determine whether the control signal line .4 has the
high voltage level, 1.e., whether the resume signal has the
high signal level (step 8106) In other words, the sub CPU
120 may determine whether the control si gnal which 1ndi-
cates that the resumption of the USB communication 1is
requested, 1s recerved from the USB device 200 while the
USB suspend mode 1s enabled.

In a case where the sub CPU 120 determines that the
control signal line L4 does not have the high voltage level,
1.€., that the resume signal does not have the high voltage
level, as a result (S106: N), the sub CPU 120 may continue
to determine whether the control signal line L4 has the high
voltage level, 1.e., whether the resume signal has the high
signal level. In a case where the sub CPU 120 determines
that the control signal line .4 has the high voltage level, 1.¢.,
that the resume signal has the high signal level (S106: Y),
the sub CPU 120 may supply, to the power source of the
controller 100aq and the PHY circuit 132, the control signal
of turning on the power source. In response thereto, the
power source of the controller 100q and the PHY circuit 132
may be activated (turned on) (step S107).

The sub CPU 120 may further supply, to the selectors 150
and 160, the signals of switching the coupling targets of the
selectors 150 and 160 to the PHY circuit 132, respectively.
In response thereto, the selectors 150 and 160 may switch
the coupling targets of the selectors 150 and 160 to the PHY
circuit 132, respectively (step S108). This may allow the
PHY circuit 132 to detect the voltage levels of the data lines
of the USB.

Thereafter, the USB device 200 may switch the state of
the data lines of the USB {rom the J-state to the K-state, for
example. Further, the USB device 200 may start the packet
transier over the USB communication, for example. Accord-
ing to Modification A, the state of the USB device 200 may
be thus returned from the USB suspend state to the USB
active state.

Next, a description 1s given of example eflects of the data
processing apparatus 1000 according to Modification A.
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According to Modification A, the state controller 1005
may maintain the USB suspend state with respect to the USB
device 200 side of the data lines of the USB while the
clectric power supply to the PHY circuit 132 1s reduced
under the power-source setting B, as with the example
embodiment. This allows for reduction 1n the electric power
supply to the PHY circuit 132, making it possible to reduce
the electric power consumption in the standby state by an
amount corresponding to an amount of the reduction 1n the
clectric power supply to the PHY circuit 132.

Moreover, according to Modification A, the system LSI
100 and the USB device 200 may be coupled to each other
only through the data lines (i.e., the D+ line L1 and the D-
line L2) of the USB. This contributes to reduction in the
number of terminals coupling the system LSI 100 and the
USB device 200 to each other, compared with the example
embodiment. Further, because 1t 1s not necessary to provide
the USB device 200 with a function of outputting the resume
signal to the resume signal line L3, it 1s possible to improve
versatility of the USB device 200.

Modification B

According to the example embodiment and the modifi-
cation thereot, the selectors 150 and 160 and the pull-down
resistors R1 and R2 may be provided 1n the system LSI 100;
however, this 1s non-limiting. In one example (Modification
B) of the example embodiment and the modification thereof,
as 1llustrated 1in FIGS. 9 and 10, the selectors 150 and 160
and the pull-down resistors R1 and R2 may be provided
outside the system LSI 100. It 1s possible to obtain effects
similar to those 1n the example embodiment and the modi-
fication thereot also 1n this case.

Modification C

According to the example embodiment and the modifi-
cations thereot, the selectors 150 and 160 may be mserted 1n
the respective data lines of the USB; however, this 1s
non-limiting. In one example (Modification C) of the
example embodiment and the modification thereof, as 1llus-
trated in FIGS. 11 to 14, the selector 150 may be coupled 1n
parallel to the D+ line L1 of the data lines of the USB, and
the selector 160 may be coupled 1n parallel to the D- line L2
of the data lines of the USB.

In this case, the PHY circuit 132 may be coupled to the
data lines of the USB. The selectors 150 and 160 may
perform coupling and decoupling between the data lines of
the USB and the pull-down resistors R1 and R2, respec-
tively. The selectors 150 and 160 may perform, after the
PHY circuit 132 1s brought to the USB suspend state,
switching from decoupling between the data lines of the
USB and the pull-down resistors R1 and R2 to coupling
between the data lines of the USB and the pull-down
resistors R1 and R2, respectively. After the sub CPU 120
performs switching from the power-source setting B to the
power-source setting A, and the PHY circuit 132 1s brought
to the USB suspend state, the selectors 150 and 160 may
perform switching from decoupling between the data lines
of the USB and the pull-down resistors R1 and R2 to
coupling between the data lines of the USB and the PHY
circuit 132.

The selector 150 may be a switch module that selects one
of an open terminal T1 and the pull-down resistor R1 as the
coupling target of the D+ line L1 of the data lines of the

USB. The selector 160 may be a switch module that selects
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one of an open terminal T2 and the pull-down resistor R2 as
the coupling target of the D- line L2 of the data lines of the

USB.

In a case where the selector 150 selects the open terminal
11, the D+ line L1 of the data lines of the USB and the open
terminal T1 may be electrically coupled to each other. In a
case where the selector 150 selects the pull-down resistor
R1, each of the pull-down resistor R1 and the PHY circuit
132 may be coupled 1n parallel to the D+ line L1 of the data
lines of the USB. In a case where the selector 160 selects the
open terminal T2, the D- line L2 of the data lines of the USB
and the open terminal T2 may be electrically coupled to each
other. In a case where the selector 160 selects the pull-down
resistor R2, each of the pull-down resistor R2 and the PHY
circuit 132 may be coupled 1n parallel to the D- line L2 of
the data lines of the USB.

As described above, according to Modification C, the
selector 150 may be coupled in parallel to the D+ line L1 of
the data lines of the USB, and the selector 160 may be
coupled in parallel to the D- line L2 of the data lines of the
USB. This reduces or eliminates a possibility that the
voltage levels of the data lines of the USB detected by the

PHY circuit 132 1s indefinite upon the switching performed
by the selectors 150 and 160.

4. Application Example

FIG. 15 1illustrates an application example of the data
processing apparatus 1000 according to the example
embodiment and the modifications thereof. An image form-
ing apparatus 2000 may include the data processing appa-
ratus 1000 according to any of the example embodiment and
the modifications thereof. Non-limiting examples of the
image forming apparatus 2000 may include a printer, a
scanner, and a multi-function peripheral. Thus providing the
image forming apparatus 2000 with the data processing
apparatus 1000 according to any of the example embodi-
ment and the modifications thereof makes i1t possible to
reduce electric power consumption 1n a standby state.

The present disclosure has been described above referring
to the example embodiment, the modifications, and the
application example; however, the technology 1s not limited
to the example embodiment, the modifications, and the
application example described above, and other modifica-
tions may be made 1n variety of ways. Note that the eflects
described herein are mere examples. The eflects of the
technology are not limited to those described herein. The
technology may achieve any eflect other than those
described herein.

Furthermore, the technology encompasses any possible
combination of some or all of the various embodiments and
the modifications described herein and 1incorporated herein.
It 1s possible to achieve at least the following configurations
from the above-described example embodiments of the
technology.

(1)

A data processing apparatus including;:

a power-source controller that controls a first power-
source setting and a second power-source setting, the second
power-source setting causing less electric power consump-
tion than the first power-source setting;

a data processing device;

a physical-layer section that 1s brought to a first commu-
nication state when communication with the data processing,
device 1s performed under the first power-source setting, the
physical-layer section being brought to a second communi-
cation state before switching from the first power-source
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setting to the second power-source setting 1s performed, the
second communication state causing the communication
with the data processing device to be stopped;

a communication controller that performs the communi-
cation with the data processing device through a predeter-
mined communication path and the physical-layer section
under the first power-source setting, the communication
controller stopping the communication with the data pro-
cessing device through the communication path and the
physical-layer section under the second power-source set-
ting; and

a state controller that maintains the second communica-
tion state with respect to the data processing device side of
the communication path while electric power supply to the
physical-layer section 1s reduced under the second power-
source setting.

(2)
The data processing apparatus according to (1), in which

the communication controller controls the physical-layer
section and thereby bring the physical-layer section to the
first communication state, upon performing the communi-
cation with the data processing device under the first power-
source setting, and

the communication controller controls the physical-layer
section and thereby bring the physical-layer section to the
second communication state, upon stopping the communi-
cation with the data processing device belfore the switching
from the first power-source setting to the second power-
source setting 1s performed.

(3)
The data processing apparatus according to (1) or (2), 1n
which the state controller includes

a resistor that provides a predetermined resistance com-
ponent, and

a switch section that selectively couples the resistor and
the physical-layer section to the communication path.

(4)
The data processing apparatus according to (3), in which

the switch section performs, after the physical-layer sec-
tion 1s brought to the second communication state, switching
from coupling between the communication path and the
physical-layer section to coupling between the communica-
tion path and the resistor, and

the power-source controller reduces, after the switching to
the coupling between the communication path and the
resistor 1s performed, the electric power supply to the
physical-layer section as the second power-source setting.

(5)
The data processing apparatus according to claim 4,
further including

a state-signal mput section that performs switching from
a state under the second power-source setting to a state under
the first power-source setting when the data processing
device requires the communication with the physical-layer

section 1n the state under the second power-source setting, 1n
which

the switch section performs, after the power-source con-
troller performs the switching from the second power-source
setting to the first power-source setting and the physical-
layer section 1s brought to the second communication state,
switching from the coupling between the communication
path and the resistor to the coupling between the commu-
nication path and the physical-layer section.
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(6)

The data processing apparatus according to (1) or (2), in

which

the physical-layer section 1s coupled to the communica-
tion path, and
the state controller imcludes
a resistor that provides a predetermined resistance com-
ponent, and
a switch section that performs coupling and decoupling
between the communication path and the resistor.

(7)

The data processing apparatus according to (6), in which

the switch section performs, after the physical-layer sec-
tion 1s brought to the second communication state, switching,
from the decoupling between the communication path and
the resistor to the coupling between the communication path
and the resistor, and

the power-source controller reduces, after the switching to
the coupling between the communication path and the
resistor 1s performed, the electric power supply to the
physical-layer section as the second power-source setting.

(8)

The data processing apparatus according to (7), further
including

a state-signal input section that performs switching from
a state under the second power-source setting to a state under
the first power-source setting when the data processing
device requires the communication with the physical-layer
section 1n the state under the second power-source setting, 1n
which

the switch section performs, after the power-source con-
troller performs the switching from the second power-source
setting to the first power-source setting and the physical-
layer section 1s brought to the second communication state,
switching from the decoupling between the communication
path and the resistor to the coupling between the commu-
nication path and the resistor.

()

The data processing apparatus according to (35) or (8), in
which the communication controller performs, after the
state-signal nput section performs the switching from the
state under the second power-source setting to the state
under the first power-source setting, the communication
with the data processing device through the communication
path and the physical-layer section under the first power-
source setting.

(10)

The data processing apparatus according to any one of (1)
to (9), in which the state controller brings, after the switch-
ing from the second power-source setting to the first power-
source setting 1s performed and the physical-layer section 1s
brought to the second communication state, the communi-
cation path to the second communication state same as a
communication of the physical-layer section.

(11)

A data processing apparatus including;:

a power-source controller that controls a first power-
source setting and a second power-source setting, the second
power-source setting causing less electric power consump-
tion than the first power-source setting;

a physical-layer section that 1s brought to a first commu-
nication state when communication with a data processing,
device 1s performed under the first power-source setting, the
physical-layer section being brought to a second communi-
cation state before switching from the first power-source
setting to the second power-source setting 1s performed, the
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second communication state causing the communication
with the data processing device to be stopped;

a communication controller that performs the communi-
cation with the data processing device through a predeter-
mined communication path and the physical-layer section
under the first power-source setting, the communication
controller stopping the commumnication with the data pro-
cessing device through the communication path and the
physical-layer section under the second power-source set-
ting; and

a state controller that maintains the second communica-
tion state with respect to the data processing device side of
the communication path while electric power supply to the
physical-layer section 1s reduced under the second power-
source setting.

According to the data processing apparatus of the embodi-
ment of the technology, 1t 1s possible to further reduce
clectric power consumption 1n a standby state.

Although the technology has been described in terms of
exemplary embodiments, 1t 1s not limited thereto. It should
be appreciated that variations may be made 1n the described
embodiments by persons skilled 1n the art without departing
from the scope of the mnvention as defined by the following
claims. The limitations 1n the claims are to be interpreted
broadly based on the language employed 1n the claims and
not limited to examples described 1n this specification or
during the prosecution of the application, and the examples
are to be construed as non-exclusive. For example, in this
disclosure, the term ““preferably™, “preferred” or the like 1s
non-exclusive and means “preferably”, but not limited to.
The use of the terms first, second, etc. do not denote any
order or importance, but rather the terms {first, second, etc.
are used to distinguish one element from another. The term
“substantially” and 1ts variations are defined as being largely
but not necessarily wholly what 1s specified as understood
by one of ordinary skill in the art. The term “about” or
“approximately” as used herein can allow for a degree of
variability 1mn a value or range. Moreover, no element or
component 1n this disclosure 1s mtended to be dedicated to
the public regardless of whether the element or component
1s explicitly recited in the following claims.

What 1s claimed 1s:

1. A data processing apparatus comprising:

a power-source controller that controls a first power-
source setting and a second power-source setting, the
second power-source setting causing less electric
power consumption than the first power-source setting;

a data processing device;

a physical-layer section that 1s brought to a first commu-
nication state when communication with the data pro-
cessing device 1s performed under the first power-
source setting, the physical-layer section being brought
to a second communication state before switching from
the first power-source setting to the second power-
source setting 1s performed, the second communication
state causing the communication with the data process-
ing device to be stopped;

a communication controller that performs the communi-
cation with the data processing device through a pre-
determined commumnication path and the physical-layer
section under the first power-source setting, the com-
munication controller stopping the commumication
with the data processing device through the communi-
cation path and the physical-layer section under the
second power-source setting; and

a state controller that maintains the second communica-
tion state with respect to the data processing device side




Us 11,176,073 B2

19

of the communication path while electric power supply
to the physical-layer section i1s reduced under the
second power-source setting, wherein
the predetermined communication path has a data line of
a universal serial bus, the data line including a D+ line
and a D- line that perform reception and transmission
of a differential signal,
the communication controller 1s configured to control the
physical-layer section, to thereby
bring the physical-layer section to the first communi-
cation state, upon performing the communication
with the data processing device under the first
power-source setting, and
bring the physical-layer section to the second commu-
nication state, upon stopping the communication
with the data processing device belfore the switching
from the first power-source setting to the second
power-source setting 1s performed,
the state controller includes
a first resistor and a second resistor each comprising a
pull-down resistor that provides a predetermined
resistance component,
a first switch section that selectively couples the first

resistor and the physical-layer section to the D+ line,
and
a second switch section that selectively couples the
second resistor and the physical-layer section to the
D- line,
the first switch section being configured to perform a first
switching that switches from coupling between the physical-
layer section and the D+ line to coupling between the first
resistor and the D+ line, and the second switch section being,
configured to perform a second switching that switches from
coupling between the physical-layer section and the D- line
to coupling between the second resistor and the D- line,
responsive to the physical-layer section being brought to the
second communication state, 1n response to outputting of a
Hi level signal from the data processing device to the D+
line and outputting of a Lo level signal from the data
processing device to the D- line, from a state in which a
signal level of the D+ line and a signal level of the D- line
are both at the Lo level when the physical-layer section 1s 1n
the first communication state, and
the power-source controller switches from the first power-
source setting to the second power-source setting by
reducing the electric power supply to the physical-layer
section, after the first switching and the second switch-
ing are performed.
2. The data processing apparatus according to claim 1,
turther comprising
a recerver that receives, from the data processing device,
a request signal that requests switching from a state
under the second power-source setting to a state under
the first power-source setting when the data processing
device requires the communication with the physical-
layer section 1n the state under the second power-source
setting, wherein
the power-source controller switches from the second
power-source setting to the first power-source setting in
response to outputting of the Lo level signal from the
data processing device to the D+ line and outputting of
the Hi level signal from the data processing device to
the D- line and in response to the reception of the
request signal by the recerver from the data processing
device when the physical-layer section 1s 1n the second
communication state,
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the first switch section performs, after the power-source
controller performs the switching from the second
power-source setting to the first power-source setting
and the physical-layer section 1s brought to the first
communication state, switching from the coupling
between the first resistor and the D+ line to the coupling
between the physical-layer section and the D+ line, and

the second switch section performs, after the power-
source controller performs the switching from the sec-
ond power-source setting to the first power-source
setting and the physical-layer section 1s brought to the
first communication state, switching from the coupling
between the second resistor and the D- line to the
coupling between the physical-layer section and the D—-
line.

3. A data processing apparatus, comprising:

a power-source controller that controls a first power-
source setting and a second power-source setting, the
second power-source setting causing less electric
power consumption than the first power-source setting;

a data processing device;

a physical-layer section that 1s brought to a first commu-
nication state when communication with the data pro-
cessing device 1s performed under the first power-
source setting, the physical-layer section being brought
to a second communication state before switching from
the first power-source setting to the second power-
source setting 1s performed, the second communication
state causing the communication with the data process-
ing device to be stopped;

a communication controller that performs the communi-
cation with the data processing device through a pre-
determined commumnication path and the physical-layer
section under the first power-source setting, the com-
munication controller stopping the commumication
with the data processing device through the communi-
cation path and the physical-layer section under the

second power-source setting; and
a state controller that maintains the second communica-
tion state with respect to the data processing device side
of the communication path while electric power supply
to the physical-layer section i1s reduced under the
second power-source setting, wherein
the predetermined communication path has a data line of
a universal serial bus, the data line including a D+ line
and a D- line that perform reception and transmission
of a differential signal,
the physical-layer section 1s coupled to the D+ line and the
D- line,
the communication controller 1s configured to control the
physical-layer section to thereby
bring the physical-layer section to the first communi-
cation state, upon performing the communication
with the data processing device under the first
power-source setting, and
bring the physical-layer section to the second commu-
nication state, upon stopping the communication
with the data processing device belfore the switching
from the first power-source setting to the second
power-source setting 1s performed,
the state controller includes
a first resistor and a second resistor each comprising a
pull-down resistor that provides a predetermined
resistance component, and
a first switch section that performs coupling and decou-
pling between the D+ line and the first resistor, and
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a second switch section that performs coupling and
decoupling between the D- line and the second
resistor,

the first switch section being configured to perform a first
coupling that couples the D+ line and the first resistor, and
the second switch section being configured to perform a
second coupling that couples the D- line and the second
resistor, responsive to the physical-layer section being
brought to the second communication state, in response to
outputting of a Hi level signal from the data processing
device to the D+ line and outputting of a Lo level signal from
the data processing device to the D- line from a state in
which a signal level of the D+ line and a signal level of the
D- line are both at the Lo level when the physical-layer
section 1s 1n the first communication state, and
the power-source controller switches from the first power-
source setting to the second power-source setting by
reducing the electric power supply to the physical-layer
section, after the first coupling and the second coupling

are performed.
4. The data processing apparatus according to claim 3,

turther comprising
a recerver that receives, from the data processing device,

a request signal that requests switching from a state

under the second power-source setting to a state under

the first power-source setting when the data processing
device requires the communication with the physical-
layer section 1n the state under the second power-source
setting, wherein

the power-source controller switches from the second
power-source setting to the first power-source setting in
response to outputting of the Lo level signal from the
data processing device to the D+ line and outputting of
the Hi level signal from the data processing device to
the D- line, and 1n response to the reception of the
request signal by the recerver from the data processing
device when the physical-layer section 1s 1n the second
communication state,
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the first switch section decouples, after the power-source
controller performs the switching from the second
power-source setting to the first power-source setting
and the physical-layer section 1s brought to the first
communication state, the coupling between the D+ line
communication path and the first resistor, and

the second switch section decouples, after the power-
source controller performs the switching from the sec-
ond power-source setting to the first power-source
setting and the physical-layer section 1s brought to the
first communication state, the coupling between the
second resistor and the D- line.

5. The data processing apparatus according to claim 2,
wherein the communication controller performs, after the
switching from the state under the second power-source
setting to the state under the first power-source setting 1s
performed 1n response to the request signal received by the
receiver, the communication with the data processing device
through the D+ line, the D- line, and the physical-layer
section under the first power-source setting.

6. The data processing apparatus according to claim 4,
wherein the communication controller performs, after the
switching from the state under the second power-source
setting to the state under the first power-source setting 1s
performed 1n response to the request signal received by the
receiver, the communication with the data processing device
through the D+ line, the D- line, and the physical-layer
section under the first power-source setting.

7. The data processing apparatus according to claim 1,
wherein the first resistor and the second resistor are coupled
to a ground line.

8. The data processing apparatus according to claim 3,
wherein the first resistor and the second resistor are coupled
to a ground line.
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